The anthropogenic organic pollutants have been recognized as one of the important factors in environmental pollution. Strict legislation concerning the quality of drinking water in the EU requires the optimisation of analytical methods for organic pollutants. Commonly used monitoring systems usually only record pollutant concentrations at a specific point in time. Contrary passive samplers cover a long sampling period, integrating the pollutant concentration over time. This paper presents the application of passive sampling for a quality monitoring of organic contaminants in a coarse gravel aquifer Vrbanski plato which presents the main drinking water resource for Maribor, the second largest city in Slovenia. Passive sampling devices with granular activated carbon were applied in 15 observation wells and in the Drava River. In 9 monitoring points, passive samplers were applied at different depths of the saturated zone. Two sampling series covered the period of one year. In both series, 161/166 organic compounds were identified. The frequency and intensity of the identification has been determined for all the compounds. Forty detected organic compounds were classified in different pollutant groups with respect to their origin (urban source, agriculture or industry). An analysis of the presence of organic substances in the two periods, spring-summer and autumn-winter, was carried out. It showed that substances of agricultural origin were more present in the first period, while those of urban and industrial origin occurred more frequently in the second period. Passive sampling was proved as an appropriate tool for assessing aquifer contamination with organic compounds.
Introduction
Anthropogenic organic pollutants have been recognized as one of the important factors in environmental pollution. They have been found as contaminants in sewage, surface waters, and groundwater, as well as in drinking water. The attention of researchers was a decade ago focused on the detection of classical pollutants in water, e.g. pesticides, nitrates and PCBs, while today their aim is also to determine the presence of hormones, pharmaceuticals, personal care products and other household and industrial chemicals.
The presence of anthropogenic organic pollutants in the aquatic environment results in an increasing demand for sensitive and reliable monitoring tools for these contaminants in groundwater [1] . Developments in the assessment of water quality require the improvement of analytical methods and appropriate sampling technology to support monitoring programs. Strict legislation concerning the quality of drinking water in the EU requires the optimization of analytical methods for organic pollutants. Commonly used monitoring systems usually record only pollutant concentrations at a specific point in time. Contrary to dynamic techniques, passive sampling is less sensitive to accidental extreme variations of the organic pollutant concentrations in natural waters [2] . A passive sampler can cover a long sampling period, integrating the pollutant concentrations over time. Over the monitoring period, analytical costs can be reduced substantially. The concept of monitoring is very important, where the first preliminary qualitative methods are used to assess the situation, and are later supported by precise and accurate quantitative analytical methods. Passive sampling is less sensitive to accidental extreme variations of the organic pollutant concentration in natural waters than dynamic techniques [2] . Passive sampling techniques have proven as useful monitoring tools for a range of different contaminants in the aquatic environment [1, [3] [4] [5] .
Intensive land use in the area of the Vrbanski plato aquifer may result in the contamination of those groundwater resources which represent the main drinking water supply for Maribor, the second largest city in Slovenia. The aim of the presented study was to investigate the presence of organic pollutants in a coarse gravel aquifer of the Vrbanski plato. To reach the goal, the passive sampling techniques for quality monitoring of organic contaminants were applied.
Study area
Maribor is the second largest city in Slovenia and the capital of the north-east region ( Fig. 1 ). In the past, the economy was based on heavy industry which left its mark on the environment. Today, mostly commercial business takes place in the industrial area. The urban area has a relatively well-regulated public utility. The problematic issue is an old sewage system in some places, or lack of it on the periphery. A potential source of groundwater pollution in the Vrbanski plato aquifer is also intensive agriculture on the outskirts of the city. The Vrbanski plato aquifer is situated under the Maribor city, and is the most important drinking water resource of the region. There are two pumping stations, one on Vrbanski plato, where 400-500 l/s of water are pumped, and the second one at Mariborski otok with 150 l/s of water pumped. The water from MO is used for artificial recharge of groundwater in the Vrbanski plato. The aquifer represents old gravel deposits of the Drava River. It is an intergranular aquifer with high permeability and unconfined groundwater table [6] . The thickness of the gravel layer is up to 40 m, the groundwater level is at a depth of 25-37 m, the maximum thickness of the saturated zone is 13 m. The hydraulic conductivity of the principal aquifer has been reported from 5  10 -3 m/s to 2  10 -2 m/s [6, 7] .
The region has a moderate climate with a typical continental precipitation regime and an average yearly precipitation between 1100 and 1200 mm. The mean annual temperature varies between 8 and 10°C.
Materials and methods

Sampling
The monitoring network was set up according to the hydrogeological characteristics of the aquifer, the direction of groundwater flow and the land use. Passive sampling devices with granular activated carbon were applied into 15 observation wells and into the Drava River, which represents one of the aquifer's recharge components. Sampling points were selected in the recharge area of the active pumping stations, Mariborski otok and Vrbanski plato. In 9 monitoring points, passive samplers were applied at different depths in the saturated zone. Two sampling series covered the period of one year. The first spring/summer series covered the period from May 2010 to September 2010, the second autumn/winter from September 2010 until the end of March 2011. There was 423 mm of precipitation in the first and 313 mm in the second period. A total of 54 samples were collected.
Passive samplers and analytical methods
In presented research, passive sampling devices with granular activated carbon were applied. Activated carbon (approx. 3 g) was inserted into the passive sampler made of 1 mm mesh pouches and installed to 1 mm-thick wire. All devices were made of stainless steel.
All chemical analyses were performed in the laboratory of Javno Podjetje Vodovod -Kanalizacija D.O.O. in Ljubljana. After collection, active carbon fibers were transferred immediately into vial and transported to laboratory. The adsorbed material on the passive sampler was eluted from the activated carbon with dichloromethane, and the extract was further transferred to chromatographic vials and concentrated in a stream of nitrogen. For the interpretation of chromatograms, the AMDIS deconvolution was used. The deconvolution was covered by GC-MS library with retention times for 921 organic contaminants from Agilent USA, and also the NIST 2008 library of mass spectra [8] . Despite the fact that the method is qualitative, GC-MS chromatograms were interpreted with an estimate of peak intensities with a ranking scale from 1 to 5 and the comment "tentative identification" or "confirmed identification" according to ASTM D 4128 -01. The estimate of peak intensity is connected with the certainty of identification and gives a starting point for quantitative monitoring of compounds [9] .
Results and discussion
In two sampling series, 161/166 organic compounds were identified, with a total of 66 compounds specified altogether. An evaluation of different groups of pollutants according to their origin (urban, agricultural and industrial pollution) has been performed. The list of compounds is given by groups in Table 1 . For each substance, a potential source has been defined.
Forty of the most typical substances were determined in groups. In addition to the three main groups, two other groups were excluded: the pharmaceutical residues, which are an indicator of urban pollution, and petroleum products.
In the group of agricultural pollutants (9), pesticides and their metabolites (atrazine, simazine, propazine, terbuthylazine, metolachlor) are commonly used. In a group of urban pollutants, 15 substances were determined. In a separate group of pharmaceuticals (3), carbamazepine, methyl salicylate and caffeine were classified. Among industrial pollutants, chlorinated solvents have been classified (10). Substances from the group of oil products may be indicators of both, urban and industrial pollution (3) .
An analysis of the identification of 40 selected components was done according to the frequency and intensity of identification. We compared the two sampling series. Figs 2 and 3 show an overview of the most commonly defined compounds and a review of intensity of the selected compounds for both periods. The comparison of both series of results shows that the intensity and frequency of identification in the second series (dry season -313 mm) are higher than in the first series (423 mm). The intensity and frequency vary by individual parameters. In the first series, indicators of agricultural pollution (pesticides) are more intense, whereas those of urban and industrial pollution prevail in the second series. Tetrachloroethene and trichloroethene have the largest frequency identification in the first series, followed by erythritol and pesticides atrazine, metolachlor, desethylterbuthylazine, terbuthylazine and desethylatrazine. Next are the substances of urban and industrial pollution; pharmaceuticals are detected only a few times. In the second series, next to trichloroethene and tetrachloroethene, most often determined are erythritol, 1,4-dioxane, benzaldehyde, trichloroethane, 2-ethyl-3-methylmaleimide etc. (Figs 2 and 3) . Among pesticides, atrazine is the most frequently detected, whereas other pesticides were detected less often. Much higher frequencies of identification in the second series belong to carbamazepine and caffeine.
The intensity reacts similarly to the frequency of identification. The intensity of trichloroethene and tetrachloroethene dominated in both series. In the second series, intensities of most pesticides decrease or remain the same. However, the intensities of benzaldehyde, m-+ p-xylene, dimethyl trisulfide and all petroleum products (toluene, ethylbenzene, o-xylene) are increased.
In the diagrams, analyses of the frequency by the intensity of identification are presented by groups (Figs 4-6) . Results in the group of pesticides show a high detection of atrazine, metolachlor and desethylatrazine in both series, and terbuthylazine and desethylterbuthylazine in the first series. In the second series, a decrease in the frequency of identification is observed in all contaminants except in the metolachlor degradation product m/z 162.282, the intensity of which, and also that of desethylatrazine, markedly increases in the second series. It can be concluded that during the autumn-winter period, concentrations of pesticides in groundwater are lower because they are mostly used in the spring period. Due to higher precipitation during spring period, the leaching of pesticides from the fields increases. On the contrary, the results show the increased values of their metabolites during the autumn-winter period. Table 1 ). Figure 5 : Graph of frequency vs. intensity of organic compounds identification -Urbane (numbers in the graph represent codes of organic compounds given in Table 1 ). Figure 6 : Graph of frequency vs. intensity of organic compounds identification -Industrial (numbers in the graph represent codes of organic compounds given in Table 1 ).
In the group of urban pollutants, both the frequency and intensity of identification have increased for all compounds, except for 2,4-dichlorophenol and erythritol. Both parameters for 2,4-dichlorophenol fall in the second series, for erythritol the number of identifications increases and the intensity decreases. The maximum ascents of both parameters are at benzaldehyde, carbamazepine, dimethyl trisulfide and caffeine.
Tetrachloroethene and trichloroethane achieve the highest values of frequency and intensity in the group of industrial pollutants. Values of the total intensity are recorded from 71 to 93 and frequency values are between 23 and 28. For both compounds, the values in the second series are lower. The chart shows a great increase in the values of oil derivatives and 1,4 dioxane, as well as triethyl phosphate.
Based on the results it can be concluded that in the spring period there are higher concentrations of pesticides in groundwater from agricultural origin due to the increased use and leaching from agricultural area. In the autumn-winter (dry) period there is neither a new injection, nor leaching of the pesticides. On the contrary, the presence of organic compounds from urban and industrial pollution increases. In most cases, the sources of pollution are sewage and discharges of waste water. The sewage system in the city has been partly renewed, yet there are parts where the network is very old and the losses are rather large. There are even areas with no regulated sewerage (that have no organized sewage system). We assume that the losses in the sewage systems and emission are constant throughout the year. Thus, in the period of higher groundwater level and during great rainfall, faster rinsing and diluting of the compounds concentrations of sewage origin occur. In both periods, high concentrations of trichloroethene and tetrachloroethene are identified. In the second period, a drop in identification frequency (partly intensity) has been recognized, as for agricultural indicators. Values and the dynamics of identification for these two compounds are explained by the possibility of the buried old industrial loads origin. Leaching is increased in the rainy season, resulting in a higher incidence of these pollutants in groundwater.
Conclusions
Passive sampling was applied for quality monitoring of organic contaminants in coarse gravel aquifer of Vrbanski plato. Passive samplers with granular activated carbon were installed in monitoring boreholes and in the Drava River. In two sampling series, which covered the period of one year, 161/166 organic compounds were identified. For all the compounds the frequency and intensity of the identification has been determined. In the area of the aquifer, 66 most often specified organic pollutants were separated. 40 were identified as typical indicators and were classified into groups depending on the source of pollution (agricultural, urban and industrial).
Based on the results, we found that pesticides are still one of the most problematic groups of pollutants, with organic solvents occurring in high values. Among urban pollutants, benzaldehyde, erythritol and dimethyl trisulfide have the strongest identification. The best detected pharmaceuticals are caffeine and carbamazepine, which are known as an indicator of a sewage pollution source.
With the passive sampler technique, the time dynamics of the presence of pollutants in relation to the individual periods can be observed. We found out that in the spring-summer period, the presence of organic pollutants from agricultural origin in groundwater is higher, while the pollutants of urban and industrial origin dominate in the autumn-winter period. The most frequent and more intense than any other organic pollutant are trichloroethene and tetrachloroethene, which behave differently than other industrial pollutants. We suspect this is due to the old burdens.
In our investigation, passive sampling was proved as a proper tool to assess aquifer contamination with organic compounds. In the future we will focus on improving the samplers and on the development of analytical methods.
